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THE STEERING LINE OF HURRICANES 
By A L E X A N D E R M C A D I E 

As a frontispiece to the "Manual of Meteorology," Part IV, "The Rela
tion of Wind to the Distribution of Barometric Pressure," Sir Napier 
Shaw gives three storm paths of unusual duration and remarkable re-
curvature (see figure 4) . 

F I G . 4. The tracks o f some storms of long duration (after Shaw) 

Perhaps the most striking of these is a track of a typhoon or baguio 
charted by McAdie. This storm path was determined by the usual method 
of connecting pressure minima. The readings were obtained from ab
stracts of ships' logs, available through the courtesy of the Hydrographic 
Office. Surface winds and cloud directions were utilized as much as 
possible. 
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It was assumed that the minimum pressure and the center of circula
tion as indicated by surface winds were identical. It is, however, to be 
remembered that the wind direction as noted on the deck of a moving 
vessel may need correction. Furthermore the center of a cyclone is not 
necessarily the center of ascending air; and still further there must be in 
the convergence of the surface winds a certain distortion due to the travel 
of the storm. 

The storms referred to above are perhaps best described in the words 
of Sir Napier Shaw (page 119). 1 

There is evident stability in motion of this character because beginning with ex 
amples of whirls lasting for some seconds there is apparently an uninterrupted 
sequence by way of revolving sandstorms or dust-devils, tornadoes, or whirlwinds, 
to tropical revolving storms and large cyclonic areas with radii of 10 degrees or 
more. 

The only limit of the series is a revolving air-cap covering the hemisphere or a 
large part of it. And just as a belt of west wind or a belt of east wind may lie 
over these [British] Islands for weeks, so the other type of quasi-permanent atmos
pheric motion, which has always been thought of as a column of air in continuous 
revolution, may preserve its identity for days or weeks. Through the kindness of 
Professor McAdie of Blue Hill Observatory, Harvard University, we are enabled 
to give two notable examples. 

The first is that of a tropical revolving storm which started on a westerly track 
toward the Philippine Islands (where visitations of that kind are known as 
"Baguios"), turned round toward the north and northeast, crossed the Pacific Ocean 
and, after some vagaries on the North American continent, continued its journey 
eastward and crossed the Atlantic in the usual track of cyclonic depressions over 
that ocean. The whole journey lasted from 20th November, 1895, to 22d January, 
1896. 

The second is a cyclonic depression of October, 1913, in the outer region of which 
the tornado was formed which caused so much destruction in South Wales on the 
27th of that month. 2 The track of the main depression shows an anomalous path 
from Canada to the north of the British Isles. [See figures 4, 5, and 6 from the 
"Geographical Review."] 

T o these notable examples has been added the long track of cyclonic depression 
which was figured in the Meteorological Office chart of the North Atlantic and 
Mediterranean for August, 1904. 3 The cyclone was first noted on 3rd August, 1899, 
in that part of the North Atlantic Ocean where Wes t Indian hurricanes often take 
their rise. It moved westward to the West Indies, skirted the coast of Florida and 
turned eastward over the Gulf Stream. After some hesitation about latitude 40° W . 
it made for the mouth of the English Channel and, missing that, crossed to the 
Mediterranean, where it lost itself on 9th September, after a life of thirty-eight days. 

In each of the above described storms it is evident that causes other 
than those developed by the rotating mass of air, operated to retard these 
storms in their eastward progress. 

Let us now trace the path of a West Indian hurricane where the evi
dence is seemingly more direct. 

On the morning of October 15, 1910, this storm was centered between 
Havana and Key West moving very slowly northward. The maximum 
wind velocity at the former place was 39.4 m/s (88 miles per hour) ; on 
the a. m. of the 14th; and at Key West 26.8 m/s (60 miles per hour). 

1 See also ''Wandering Storms," McArdie, Geographical Review, 10, no. 1, July, 
1920. 

2 Geophysical Memoirs, no. 11. M. O. Publication, no. 22a. 
8 M . O. Publication, no. 149. 



1 0 4 PHYSICAL OCEANOGRAPHY 

F I G . 5 . T r a c k of storm of September 27-October 28, 1 9 1 3 . 

F I G . 6 . Track of storm of May 8-June 6 , 1 9 1 0 . 
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The storm's progress northward was checked by a continental area of 
high pressure moving southward. Thus on the 17th we find the hurricane 
actually retrograding and centering again aver Havana. As the conti
nental anticyclone moved east, the hurricane developed a northerly com
ponent of motion and on the 18th moved across Florida. It then fol
lowed the usual hurricane track passing south of Cape Hatteras on the 
20th. The hourly speed increased from 30 kms. to SO kms. per hour and 
the direction of motion 40 degrees east of north. 

The speed continued to increase averaging 60 kms. per hour and the 
direction shifted more to the east, approximately 65 degrees east of north, 
and so at noon of October 21 the center was in the latitude 37 degrees 
north and 67 degrees west. 

Professor Bjerknes has remarked that "anticyclones are born as 
cyclones die" but the behavior of this and similar storms gives the impres
sion that the path and speed of West Indian hurricanes, off the coast of 
Florida, are dependent upon the intensity and direction of advancing 
highs. These in turn may be but the surface expression of an advancing 
polar front. 

Two types of south moving sub-Arctic surges which seem to control 
the path of hurricanes from the Caribbean Sea to the North Atlantic can 
be identified. The first of these is a Nichikun high. This is a more appro
priate designation of what has heretofore been known as a Labrador high. 
According to Dr. Klotz 1 there is nowhere else in Canada '*so distinct a 
Pamir or Roof of the World as the neighborhood of Lake Nichikun (in 
English, Otter Lake)." The lake itself is in latitude 53° N., longitude 
71° W., and on the northwest slope of the Height of Land. The drainage 
is into Hudson Bay. On the south and east the drainage is into the River 
St. Lawrence. It is this southern slope which concerns us because south 
moving masses of air pass over the ridge, elevation 730 meters; and being 
both cold and dry and therefore heavy, fall to sea level in a comparatively 
short distance, 200 to 600 kilometers. 

The other type of sub-Arctic surge is the •'Labrador," essentially 
oceanic. 

Both of these tongues may be portions of what Bjerknes has called the 
polar front. They undoubtedly play an important part in determining 
the speed and path of storm centers in the North Atlantic States and effec
tively control the path of tropical storms or hurricanes as they move from 
the south and change into North Atlantic cyclones. 

On the Pilot Chart of the North Atlantic Ocean for October, the path 
of the hurricane under discussion ends abruptly in the position and on 
the date given above (Oct. 21). One might in consequence infer that the 
storm dissipated at sea. 

Careful study of pressure conditions shows a depression on the 22d in 
latitude 35° N. and longitude 60° W. A day later it appears as one of 
two centers in a large depression extending from New Brunswick to 

1 In a letter to the writer. 
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Bermuda. The other center can be traced back to a storm over Lake 
Superior on October 21. The previous history of this depression, while 
somewhat obscure, is deserving of study. It appeared as an unexpected 
abnormal development and invalidated all forecasts made for the Lake 
Region, Upper Mississippi and Ohio Valleys. Where cold weather, frosts 
and an absence of precipitation were reasonably anticipated from an ad
vancing high pressure (1030 kb.), there suddenly developed warmer 
weather with rain. On the face of the map we are unable to connect this 
low with a more northern slow moving depression of the Alberta type. 
The weather map of October 20, 1910, will repay study in connection 
with the steering line of cyclones. 

To return to the hurricane and its further history, we have seen that 
when centered over Florida, there were in juxtaposition two air masses 
of different origin, one from the tropics with a vapor content of not less 
than 20 grams per unit volume (one cubic meter of space) and an average 
northwest speed of one kilometer per hour, while the other air mass was 
of sub-polar origin, approximately 20 kilograds (5.5 degrees C.) colder, 
and with an average vapor density of 12 grams per cubic meter. The 
densities of the two air masses at a pressure of 1 megabar would be 
approximately 1170 and 1220 grams. Air motion is initiated by differ
ence of pressure rather than difference of density; but it is plain that the 
south moving air mass would continue to gain momentum and underrun 
the less dense northbound air. The horizontal pressure gradient was 
1 kb./20 km. and hence surface velocities of 30 meters per second or 
higher would and did occur. The gradient velocities were 23 m/s or 
higher; and the radii of survature cf isobars approximately 100 kilometers. 

Figure 7 shows the path of the'hurricane from October 13 to 25, and 
also the path of the lake "low" from October 21 to 24, Other charts 
show the surface pressure distribution on various dates. 

It is much to be regretted that there are no records cf winds aloft. 
When such data shall be available then perhaps definite relations between 
path, velocity and duration of hurricanes with upper winds will be forth
coming. 

Recently it.has been claimed by meteorologists of the Bergen (Norway) 
Institute that the storms of the Northern Hemisphere can be traced back 
to a "surface of junction of polar and equatorial air." This surface can 
be detected at the ground as "a line of discontinuity" in surface condi
tions. In other words, it is the boundary between air masses of different 
densities, pressures, and vapor content. 

Given then a mass of warm moist air moving north of east, under the 
combined effects of general drift, pressure gradient and rotational deflec
tion, and a second mass of cold dry air moving south, the surface of dis
continuity should be detectable as a moving front. 

Professor Bjerknes has come to the conclusion from the study of the 
structure of moving cyclones that a broad belt of rain accompanies the 
moving (and ascending) warm moist air, and a second smaller rain belt 
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follows, where cold dry air underruns the warm air, that is, along the 
wind shift or squall line. 

A more important point, however, is the discovery through the use of 
detail maps, that the diKQntinuity Qr contrast can be traced from any 
cyclone to another. As expressed by Bjerknes, cyclones follow each other 
along a common line of discontinuity like "pearls on a string." 

Furthermore this line of discontinuity surrounds the polar regions as a 
closed circuit. It shows how far the cold air flowing along the ground 
has penetrated. Shaw describes it as a kind of polar front line.1 

The following substance of the discussion at the Meteorological Offi� 
on "new methods of forecasting" may make plain the leading features of 
Bjerknes's views.' 

In th� case of a cyclon� making progress towards th� �ast, a sector to the south 
is occupied by a warm curr�nt; this warm area on th� earth's surface is bounded 
to the north by the "st�ring line," to the west by the "squall-Iin�." Bjerknes' 
�nerali.zation is "that th�se squall-IIDes and st�ring lines �f all ,the cyclones of 
the northern hemisph�re are parts of 'l single line-'the polar ·front.'" We are to 
think of two great streams of air, both flowing from the west. the more northerl, 
stream being colder and carrying less moisture. The boundary between these two 
streams is unstable and its oscillatjon.s manifest th�mselves as cyclones. The warm 
stream overrides the cold one. which retaliates, so to speak, by turning round a.od 
kicking its partner in the bade. 

Charts 4, 5 and 6 are reproduced through the courtesy of the Gto

graphical Revtew, published by the American Geographical Society, New 
York City. 

1 NoI",.t, JaDUary 24, 1920, p. 524. 
• Mtttorologicol Mago.rUtt, November. 1920. p. 213. 


